Abstract: Beckmann rearrangement of (Z)-cholest-4-en-6-one oxime (4) (prepared in 4 steps starting from cholest-5-en-3b-ol (1)) with thionyl chloride in dioxane solution afforded an enamide-type lactam, i.e., 7-aza-B-homocholest-4-en-6-one (6) as a single product. Photoreaction of the same compound in methanol or benzene-acetic acid solution gave a mixture of products, with the formation of the parent ketone 3 and the occurrence of Z/E isomerization, while the lactam 6 was obtained only when the reaction was performed in methanol and then in very low yield (7 %).
INTRODUCTION
It is well known that ground-state Beckmann rearrangements of steroidal a,b-unsaturated ketone oximes in the E-configuration usually lead to the formation of enamine-type lactams, as depicted in Scheme 1.
However, under protic photolytic conditions, in methanol or benzene-acetic acid solution, steroidal a,b-unsaturated ketone oximes, depending on their structural features, can react in two ways. Thus, excited oximes having their C=C bond at the non-ring junction principally undergo photoisomerization to form a transient corresponding to their geometrical isomers, from which stereospecific additions of protons or methanol to their C=C bond takes place, while oximes having their C=C bond at the ring junction undergo photorearrangement to give the corresponding enamides. 1 Most of these photolytic reactions were performed using (E)-isomers or a mixture of (Z)-and (E)-isomers, such as (Z)-and (E)-cholest-4-en-3-one oximes. 2 In the course of work directed towards the synthesis of 6-aza-steroid derivatives as biologically active molecules, it was considered to be of interest to investigate the behaviour of pure (Z)-stereoisomeric oximes, e.g., (Z)-cholest-4-en-6-one oxime (4), under similar photolytic and thermal conditions. RESULTS 
AND DISCUSSION

Synthesis of (Z)-cholest-4-en-6-one oxime (4)
The key intermediate in the synthesis of oxime 4 is cholest-4-en-6-one (3). There are several methods for the preparation of this compound all starting from 5,6a-epoxy-5a-cholesterol 1 or its 3a-chloro-or 3b-acetoxy-derivatives. 3 It was found that this enone can be most conveniently prepared according to the procedure reported by Miljkovi} et al. 4 in which 3b-hydroxy-5,6a-epoxy-5a-cholestane (2) (obtained by epoxidation of cholesterol) is refluxed in dimethyl sulfoxide solution. In this very simple way, the required cholest-4-en-6-one (3) was obtained in 33.3 % yield (Scheme 2).
Oximation of the enone 3 was carried out with hydroxylamine hydrochloride in refluxing ethanol-pyridine solution (9:1, v/v) for 15 min. After column chromatography of the reaction mixture on silica gel, the two stereoisomeric oximes, i.e. (Z)-and (E)-cholest-4-en-6-one oximes (4) and (5) were obtained in 5 %, and 80 % yields, respectively (Scheme 3).
The structure of these oximes was determined on the basis of their analytical and spectral data (IR, 1 H-NMR, 13 C-NMR, MS). IR spectra bands at 3312 and 3250 cm -1 for the (Z)-and (E)-isomer 4 and 5, respectively, indicate the presence of a hydroxyimino group in both compounds. In the 1 H-NMR spectrum of compound 5, the signal for H b -C(7) (due to the deshielding influence of the hydroxy oxygen of the oxime, estimated to be 2.4 Å from H b -C(7)), was shifted downfield, appearing at 3.29 ppm as a doublet of doublets, confirming the (E)-configuration. The signal for the corresponding proton in the (Z)-isomer 4 appeared at 2.39 ppm as a fine doublet (H b -C(7)-O distance is about 3.8 Å). On the other hand, the high field position of the signal for the olefinic proton at C(4) (5.86 ppm in (E)-isomer 5 and 6.02 ppm in (Z)-isomer 4) indicates that it is less deshielded by the hydroxyimino group than the parent 6-oxo group (6.38 ppm) in both isomers. As shown in Scheme 3, the direct oximation of enone 3 gives the (Z)-isomer 4 as the minor product (formed in only ca. 5 % yield). A large amount of this (Z)-derivative 4 was obtained from the oxime 5 by E®Z isomerization.
Irradiation of (E)-cholest-4-en-6-one oxime (5) in ethanol/pyridine solution (9:1, v/v) was carried out using a high-pressure mercury lamp (TQ 150 Z2, Hanau), in the presence of NH 2 OH . HCl (Scheme 4). This photoreaction, after column chromatography on SiO 2 , gave the parent D 4 -cholesten-6-one 3 (5 %), as well as the isomeric (Z)-oxime 4 in 34 % yield, and unchanged (E)-oxime 5 in 57 % yield.
Beckmann rearrangement of (Z)-cholest-4-en-6-one oxime (4) Treatment of (Z)-cholest-4-en-6-one oxime (4) with thionyl chloride in dioxane solution gave as a single product an enamide-type lactam, i.e. 7-aza-B-homocholest-4-en-6-one (6) in 66 % yield (Scheme 5).
The structure of this compound was deduced from its analytical and spectral data. In 1 H-NMR spectrum, the signal for the olefinic proton H-C(4) (due to deshielding influence by the C(6)=O group) shifted downifield, appearing at 6.01 ppm. The same proton in the enamine-type lactam appears at 5.54 ppm. The signals atributable to methylene protons adjacent to an amide nitrogen, H a -C(7a) and H b -C(7a) appeared at 2.84 and 3.04 ppm, respectively, both as ddd. Also the signal for the amide proton at 6.43 ppm is situated upfield when compared to the signal for the same proton in the enamine lactam (8.01 ppm).
Photolysis of (Z)-cholest-4-en-6-one oxime (4)
The photoreaction of (Z)-cholest-4-en-6-one oxime (4) was carried out under argon using a 6 W low pressure mercury lamp (Applied Photophysics Ltd. G4T5) in i) methanol and ii) benzene-acetic acid (94:6) solutions. After 6 h irradiation of 4 in methanol a mixture of products containing the parent cholest-4-en-6-one (3) (21 %), unchanged oxime 4 (25 %), isomeric (E)-oxime 5 (23 %), and lactam 6 (7 %) (Scheme 6) was obtained. No lactam 6 was obtained even after 12 h irradiation of the oxime 4 in benzene containing glacial acetic acid. The only obtained product, besides the starting oxime 4 (77 %) and a very small amount of E-isomer 5 (2 %), was the parent ketone 3 (17 %).
DISCUSSION
The foregoing results show that the thermal Beckmann rearrangement of (Z)-cholest-4-en-6-one oxime (4) gave the enamide-type lactam 6 (derived by migration of the 7-alkyl substituent) as a single product in very good yield (66 %). The results confirm that the initial geometry of the hydroxyimino group has a decisive influence on the direction of migration of the trigonal carbon to the nitrogen.
The photorearrangement of excited a,b-unsaturated (Z)-cholest-4-en-6-one oxime (4) in methanol takes place mostly due to Z/E-isomerization to the more stable (E)-isomer 5, which then forms the cyclic enamide 6, although only in a very low yield (7 %). This formation probably proceeds via the reorganization of the excited singlet oxaziridine formed from the excited singlet oxime.
Irradition of 4 in benzene with a small amount of glacial acetic acid resulted in no Z/E isomerization (only 2 % of the E-isomer was obtained) as well as rearrangement to lactam.
Suginome and his coworkers previously reported that, regardless of the configuration of the hydroxyimino group, only cyclic enone-type lactams can be obtained in the Beckmann rearrangement of steroidal cyclic a,b-unsaturated ketone oximes, which was explained by the phenomenon that Z/E isomerization occurs prior to C®N migration. 2 Under analogous experimental conditions, (E)-isomers of cholest-4-en-6-one oxime (5) and cholest-5-en-4-one oxime gave enamine-type lactams. 
5,6a-Epoxy-5a-cholestan-3b-ol (2)
A solution of cholesterol (1) (5.00 g) in CH 2 Cl 2 (100 ml) was treated with 70 % m-chloroperbenzoic acid (MCPBA, 3.50 g) with stirring at room temperature for 2 h. After the usual work-up, the obtained residue (5.18 g, 99.4 %) was crystallized from acetone to give 5,6a-epoxy-5a-cholestan-3b-ol (2) (8)), 34.7 (s, C(10)), 32.3 (t, C (7)), 30.7 (t, C(1)), 29.7 (d, C (20)), 28.6 (t, C(16)), 27.9 (t, C(15)), 27.8 (d, C(25)), 23.9 (t, C(2)), 23.7 (t, C(23)), 22.7 (q, C(27)), 22.4 (q, C(26)), 20.5 (t, C(11)), 18.5 (q, C(21)), 15.8 (q, C(19)), 11.7 (q, C(18)).
Cholest-4-en-6-one (3)
A solution of epoxide 2 (1.00 g) in DMSO (25 ml) was refluxed with stirring at 200-209 ºC until the starting compound had been consumed (about 1 h). The reaction mixture was then worked up with ether, washed with water, 5 % NaHCO 3 and water again, dried over CaSO 4 (23)), 23.6 (t, C(3)), 22.6 (q, C(27)), 22.4 (q, C(26)), 21.1 (t, C(11)), 20.4 (q, C(19)), 18.4 (q, C(21)), 17.7 (t, C(2)), 11.7 (q, C(18)).
(E)-Cholest-4-en-6-one oxime (4) To a solution of cholest-4-en-6-one (3) (1.00 g) and hydroxylamine hydrochloride (NH 2 OH . HCl), (1.00 g) in EtOH, pyridine (6.6 mol) was added and the reaction mixture refluxed for 15 min. After evaporation of the solvent, the residue was dissolved in Et 2 (14)), 53.7 (d, C(9)), 42.6 (s, C(13)), 39.6 (t, C(12)), 39.4 (t, C(24)), 39.1 (t, C (7)), 38.2 (s, C(10)), 36.5 (t, C(22)), 36.0 (t, C(1)), 35.9 (d, C (8) 93 (s, 3H, CH 3 (19)), 3.29 (dd, J = 3.8, 14.6 1H, H b -C(7) ), 5.86 (t, J = 3.6, 1H, H-C(4)), 9.63 (br s, 1H, =NOH). 13 C-NMR: 159.2 (s, C(6)), 140.8 (s, C(5)), 124.9 (d, C(4)), 56.7 (d, C(17) ), 56.0 (d, C(14)), 52.5 (d, C(9)), 42.6 (s, C(13)), 39.6 (t, C(12)), 39.4 (t, C(24)), 37.4 (s, C(10)), 36.2 (t, C(22)), 36.1 (t, C(1)), 35.7 (d, C(8)), 33.5 (d, C(20) ), 29.9 (t, C (7)), 28.1 (t, C(16)), 27.9 (d, C(25)), 25.8 (t, C(15)), 24.0 (t, C(23)), 23.8 (t, C(3)), 22.8 (q, C(27)), 22.5 (q, C(26)), 21.3 (t, C(11)), 19.3 (q, C(19) ), 18.6 (q, C(21)), 18.3 (t, C(2)), 11.9 (q, C(18)). MS: m/z = 399 (93.2 %), 356 (54.1 %), 110 (100 %).
Photoisomerization of the (E)-oxime 5
To a solution of oxime 5 (500 mg) and NH 2 OH . HCl (500 mg) in EtOH (200 ml), pyridine (3.63 ml) was added and the reaction mixture was irradiated with a high pressure mercury lamp (TQ 150 Z2) for 6 h. After evaporation, the obtained oily residue was dissolved in Et 2 O, washed with water, dried over CaSO 4 and evaporated to dryness. The resulting mixture was chromatographed on SiO 2 (0.040-0.063 mm, 20 g). Elution with n-hexane-toluene (6:4) gave cholest-4-en-6-one (3) (25 mg, 5 %).
Elution with toluene-EtOAc (97:3) afforded (Z)-cholest-4-en-6-one oxime (4) (170 mg, 34 %).
Further elution with the same eluent gave unchanged starting (E)-oxime 5 (285 mg, 57 %).
Beckmann rearrangement of (Z)-cholest-4-en-6-one oxime (4)
To a solution of oxime 4 (300 mg) in dioxane (14 ml), thionyl chloride (SOCl 2 ), (0.14 ml) was added. The solution was stirred for 5 min at room temperature. Water was added to this solution, and the reaction mixture was extracted with diethyl ether. The extract was washed with water, 5 % NaHCO 3 and water, dried over CaSO 4 . Removal of the solvent gave a product (270 mg) which was chromatographed on SiO 2 (0.040-0.063 mm, 15 g). Elution with toluene-EtOAc (9:1) gave a complex mixture (20 mg), which was not further investigated.
Elution with toluene-EtOAc (7:3) afforded 7-aza-B-homocholest-4-en-6-one (6) Bekmanovo preme{tawe (Z)-holest-4-en-6-on oksima (4) (koji je dobijen u 4 faze, polaze}i od holest-5-en-3b-ola (1)) sa tionil-hloridom u dioksanskom rastvoru, kao jedini proizvod daje laktam enamidnog tipa, tj., 7-aza-B-homoholest-4-en-6-on (6). Fotoreakcijom istog jediwewa u metanolu, ili u rastvoru benzen-sir}etna kiselina, nastaje smesa proizvoda kojũ ine polazni keton 3 i proizvodi Z/E izomerizacije, dok je laktam 6 dobiven u vrlo niskom prinosu (7 %) samo u metanolnom rastvoru.
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